Objectives: An estimated 55-90% of patients with rheumatoid arthritis have foot problems. Therapeutic footwear is frequently prescribed as part of usual care, but data on its use and effect is incomplete. This study aimed to investigate the use and effects of therapeutic footwear. 
55% and 90% of patients with RA experience foot problems at some time during the course of their disease (1, 3) . the ankle, hindfoot and, especially, the forefoot are usually affected (3) . In a cross-sectional study, 81% of 285 consecutive RA patients with a mean disease duration of 10 years reported forefoot pain (2) . the prevalence and severity of forefoot joint damage increases during the course of the disease (4). Intra-articular and peri-articular changes, consisting of synovitis, joint damage (erosions) and deformities, all contribute to alteration of plantar pressure, pain and gait disturbance (5, 6) . Subsequently, this may lead to limitations in weight-bearing activities, such as standing and walking, and participation restriction (7) (8) (9) (10) .
next to pharmacological treatment, usual care for rheumatoid foot problems include the prescription of orthoses, insoles and therapeutic footwear (tF), and orthopaedic surgery (11, 12) . Each year, a considerable quantity of tF is prescribed at a considerable financial expense to society. In the Netherlands this is estimated to be 60 million Euros (13) .
Prospective research on the effects of tF in RA has not been very promising. A review concluded that there is insufficient evidence to conclusively link footwear interventions with reducing pain and improvement in gait and function in RA (14) . However, a systematic review (12) identified randomized controlled trial evidence suggesting that extra-depth shoes are likely significantly to decrease pain on weight-bearing and Health Assessment Questionnaire (HAQ) scores (10) , especially if combined with orthoses (1) . Limitations of these studies included small sample sizes (1, 10) , high numbers of drop-outs (15) , exclusive use of factory-made tF (1, 10) , and assessment of global effects (1, 10, 15) . In addition, studies investigating the association between the use and the effects of tF in patients with RA are lacking.
Although patients with foot problems may benefit from TF, wearing-compliance varies (1, 10, 14) , and tF may end up as "just another pair of shoes in the cupboard" (16) . A number of studies in RA patients have shown non-use rates of tF of between 3% and 28% (17) (18) (19) (20) , but these studies are difficult to interpret due to different definitions of use, their cross-sectional design (17, 20) and mixed study population (20) (21) (22) , and the assessment of tF-use with a single rating scale (17, 20, 21 
PAtIEntS And MEtHodS

Patient population
this was a prospective observational study in a cohort of patients referred by rheumatologists to the arthritis foot clinic of Reade (formerly the Jan van Breemen Institute), an outpatient clinic for rehabilitation and rheumatology. Inclusion criteria were: definite diagnosis of RA according to the American college of Rheumatology (AcR) revised criteria (1987) (23) and the prescription of custom-made tF for the first time. Exclusion criteria were: presence of relevant comorbidity, such as central or peripheral neurological diseases, and/or an inability to complete questionnaires in the dutch language. the inclusion of patients occurred between September 2002 and november 2007, and the follow-up period lasted until december 2008. All participants gave written consent, and the study protocol was approved by the medical ethics committee of the Slotervaart Hospital/Reade in Amsterdam.
Intervention
In the netherlands, tF comprises custom-made shoes (type A) and factory-made shoes (type B). type A tF is hand-made for the individual patient, whereby a variety of technical adaptations can be incorporated into the shoe and where the patient defines the aesthetic requirements, as stated in our previous article (24) . type B tF is ready-made, with extra depth to accommodate foot and toe abnormalities, and includes a custom-made insole.
the clinical procedure at Reade's arthritis foot clinic is as follows. during initial consultation, the rehabilitation physician decides whether tF is indicated. If indicated, tF is prescribed by the physician in consultation with the patient and the orthopaedic shoe technician during a second consultation. At this point, the choice between type A and type B shoes is made. this choice is based on the patient's clinical and personal needs, including technical possibilities and aesthetics. For type A footwear, a model of the foot (a last) is made from a cast based on measurements of the patient's foot, and a transparent plastic shoe is made based on this last. This shoe is then fitted so that alterations can be made to the last, if necessary, before the final shoe is made. type A footwear is delivered 10 weeks after prescription. only type A footwear was included in our study, because they are by far the most commonly prescribed tF in our clinic, probably due to the severity of foot problems seen in the phase that patients are referred to the arthritis foot clinic (25) .
Procedure
Baseline variables and effect outcome measures were collected during the patient's visit to the arthritis foot clinic (baseline assessment [t0]). tF was delivered 10 weeks after t0. Patients were asked to complete diaries on tF use and daily activities on 3 consecutive days, both at 14 and 20 weeks after the delivery of the TF. The first follow-up was at 14 weeks (t1a) and the second follow-up at 20 weeks (t1b). the mean of the measurements of t1a and t1b (a total number of 6 scores) was used as t1. this sampling strategy aimed to average out monthly variation in tF-use. All other outcomes were assessed 26 weeks after delivery of the tF (last follow-up [t2]).
Baseline explanatory variables
demographic features (gender, age) and data on disease variables (disease duration, presence of rheumatoid factor and erosions, and presence of artificial joints) were collected on standardized clinical forms. the patient's current disease activity was rated according to erythrocyte sedimentation rate (ESR) in mm/h and measured on a selfreported 3-point Likert scale. the patient's anti-rheumatic medication was monitored during the study. The localization of inflamed joints was recorded. the standardized forms were also used to collect data on foot characteristics (duration of foot complaints, foot deformity), previous and ongoing therapy for foot problems (podiatry, physiotherapy or surgery) and characteristics of the prescribed tF (shaft height [low, half-length, high]).
Therapeutic footwear-use outcomes
Wearing quotient. Regarding tF use, the primary outcome was a "wearing quotient" calculated from data recorded in the patient diaries on 3 consecutive days, both at 14 (t1a) and 20 (t1b) weeks after the delivery of the tF. thiele's optimization strategies to assure and enhance the quality of diary data were applied, which included the usage of simple diaries with straightforward layout, patient instruction and training, limitation of the total number of diary days, depending on the amount of daily records, patient coaching and control of data gathering, and control of the accuracy of the self-registrations (26). Using a diary with a fixed 24-h template, patients first reported TF wearing for every hour, and thereafter completed the type of activities (sitting, lying down, walking indoors and outdoors) undertaken while wearing tF. In addition, each patient recorded the number of hours spent sleeping, being out of bed and resting. the maximum wearing duration was calculated as the number of hours during which the patient was out of bed. The actual wearing duration was defined as the number of hours that the tF was actually worn. Subsequently, the wearing quotient was determined as the ratio: actual/maximum wearing duration. For example, a patient who wakes up at 08.00 h, rests between 13.00 h and 14.00 h and going to bed at 23.00 h, has a maximum wearing duration of 14 h. An actual wearing duration of 7 h for that day implies a wearing quotient of 7/14 = 50%.
Wearing, global. Global wearing was assessed with a Likert-scale after 26 weeks. the patients were instructed to give a global rating of the extent to which they actually wore their shoes on a 3-point scale with response options: (i) (almost) continuously, (ii) only on special occasions, and (iii) rarely or never.
Wear-and-tear. Wear-and-tear was assessed with a wear-and-tear report. A rehabilitation physician and an orthopaedic shoe technician independently rated tF wear-and-tear for both left and right shoes on a 100-mm visual analogue scale (VAS), with 0 and 100 indicating "not at all worn out" and "totally worn out", respectively.
Therapeutic footwear-effects outcomes
All effect outcome measures were collected at baseline and at 26 weeks after delivery of the tF.
Global. the primary outcome measure regarding tF effect was the total score on the validated dutch version of the Western ontario and McMasters universities osteoarthritis Index (WoMAc). the WoMAc consists of 24 items divided into 3 subscales: pain (5 items), joint stiffness (2 items) and physical functioning (17 items) (27, 28) . the WoMAc is reported to be an appropriate instrument for measuring lower body function in patients with RA (29) . the WoMAc was used as a global indicator of lower-extremity related pain and activity limitations.
Pain, global. Global pain was assessed with a 100-mm visual VAS, with 0 and 100 indicating "no pain" and "unbearable pain", respectively.
Pain, activity-related. Activity-related pain was assessed with the pain subscale of the WoMAc. Furthermore, activity-related pain was assessed with a 100-mm VAS, with 0 and 100 indicating "no pain" and "unbearable pain", respectively, with separate ratings of pain at rest, while standing and walking.
Pain, joint-related. Joint-related pain of the lower extremity was assessed with Likert scales with response options: (1) none, (2) slight, (3) moderate, and (4) severe. We used the mean score of the left and right joint at issue.
Stiffness, joint-related. Joint-related stiffness was assessed with the joint stiffness subscale of the WoMAc.
Activity limitations, global. Global patient-reported activity limitations were assessed with the validated dutch version of the Health Assessment Questionnaire (HAQ) (30, 31) . the HAQ comprises 20 items in 8 categories (dressing, rising, eating, walking, hygiene, reaching, gripping, and usual activities) (31) . When aids or adaptations are indicated the category score was not raised, in order to avoid tF-prescription resulting in an increase in this score.
Activity limitations, lower-extremity related. Lower-extremity related activity limitations were assessed with the physical functioning subscale of the WoMAc.
Activity limitations, specific. Specific activity limitations were assessed with the category scores of the HAQ.
With the exception of the wear-and-tear report, which was based on examination of the tF by the rehabilitation physician and shoe technician, all other outcome measures were patient-reported. the patients, rehabilitation physicians and orthopaedic shoe technicians were blinded with respect to each other's ratings. Except for the HAQ, all scores were standardized (0-100), with "0" indicating no pain, stiffness or limitations.
Statistical analyses categorical variables were described with counts (percentages) and all other variables with the median (interquartile range [IQR]) score.
Use. the maximal and actual wearing duration and the wearing quotient were quantified with the mean (standard deviation [SD]) score. Global wearing was expressed in counts (percentages). Wear-and-tear was quantified by calculating the mean (SD) wear-and-tear scores, as rated by both the rehabilitation physician and the orthopaedic shoe technician.
Effects. differences in outcomes were investigated with the Wilcoxon signed-rank test for all outcomes. With respect to the primary outcome, p < 0.05 (2-tailed) was considered to be statistically significant. With respect to the secondary outcomes we applied the dubey/ArmitageParmar modification of the Bonferroni formula that corrects for multiple correlated outcomes (32) . We used an online calculator (33) for 23 outcomes with a mean correlation of 0.24, resulting in a p < 0.0046 (2-tailed), considered to be statistically significant at the family-wise alpha level of 0.05.
Use and effect. A linear regression model was performed to assess the association between use (wearing quotient, global rating and wearand-tear report) and effect (WoMAc total change score). change in disease activity as a possible confounding variable was assessed by adding the ESR change score as a covariate to the model. All analyses were performed in SPSS (version 19.0).
RESuLtS
Participants
A total of 173 patients were screened; 121 patients fulfilled the selection criteria, 114 of whom agreed to participate in the study; 113 patients received tF; and 96 patients (84%) completed the study (Fig. 1) . one patient dropped out before tF delivery. Seventeen patients dropped out after tF delivery, 13 of whom dropped out before t1a. At t1 (t1a plus t1b), 92 patients had completed at least 1 diary for 1 day. At t2, wear-and-tear had been rated for 87 patients, while 94 patients had completed the global rating of wearing.
Descriptive data
Most of the patients had advanced RA, and the main indication for tF was forefoot deformity (table I) . At baseline, there were no significant differences between characteristics of patients who dropped out of the study and those who completed the study, except for less joint-related pain in digitus II-V in the patients who dropped out (p < 0.005). on the basis of these data we concluded that there were no relevant differences between the 2 groups. Except for 6 measurements of the ESR, there were no missing data.
Outcome data TF-use. tF-use is summarized in table II. A total of 92 patients completed diaries for a median (IQR) of 6.0 (6.0-6.0) days. Eight had missing data. the mean wearing quotient of 54% (Sd 25) indicated that the patients wore their tF a mean of 54% of the time that they were out of bed. Four out of 92 patients had a wearing quotient below 10%, while 10 had a quotient above 90%. the mean actual wearing duration of 7.7 h (Sd 3.8) was almost equally divided between the activities of sitting, walking indoors and walking outdoors. Patients lay down for an average of 8 min per day with their shoes on. the 65 patients who reported "(almost) continuous" tF-use had a mean wearing quotient of 60% (Sd 24); the 13 patients who reported tF-use "only on special occasions" had a mean quotient of 38% (Sd 22); and the patients who reported tF-use as "seldom or never" had a quotient of 32% (Sd 20). Examples of reasons given by patients for not wearing their tF were: "too warm", "too heavy" and "problems putting the shoes on and taking them off". 1.00 (0.00-1.00) 1.00 (0.00-1.00) > 0.30 HAQ eating 1.00 (1.00-2.00) 1.00 (1.00-2.00) 0.24 HAQ walking 1.00 (0.00-2.00) 1.00 (0.00-1.00) < 0.001 HAQ hygiene 1.00 (0.00-1.00) 1.00 (0.00-1.00) > 0.30 HAQ reaching 2.00 (1.00-3.00) 2.00 (1.00-3.00) > 0.30 HAQ gripping 1.00 (1.00-2.00) 1.00 (0.00-1.00) 0.22 HAQ usual activities 1.00 (1.00-2.00) 1.00 (1.00-2.00) > 0.30 a Except for the HAQ, all scores were standardized (0-100), with "0" indicating no pain, stiffness or limitations. b With respect to the primary outcome (WoMAc total score) p < 0.05 (Wilcoxon signed-ranked test) was considered to be statistically significant, whereas with respect to the secondary outcomes, and after applying Bonferroni correction, p < 0.0046 was considered to be statistically significant. taking all data into account, and if we assume that the mean wearing quotient was 0% in all patients who dropped out, the mean wearing quotient in all 113 patients having received tF was 38%. A pessimistic estimate of compliance is 57% (95% confidence interval [CI]: 48-66), i.e. 65 (all patients reporting [almost] continuous tF-use) out of 113 (all patients who had tF delivered) tF prescriptions resulting in tF-use. A classification of non-compliance was given when patients reported tF-use as "only on special occasions" or "seldom or never".
TF-effects.
At baseline, most patients reported marked pain during walking and pain in the forefoot (metatarsophalangeal, digitus I and digiti II-V) ( Table III) . The significantly improved median WOMAC total score was confirmed by significantly improved secondary outcomes, such as the VAS scores for global pain and pain during standing and walking, pain in the forefoot joints and the HAQ total and walking items (table III) .
Use and effect. The wearing coefficient was weakly (R 2 0.09, p = 0.02) associated with the WoMAc total change score in a model that included ESR (table IV) . these results suggest that use of tF makes an impact on WoMAc total score. For example, a wearing coefficient of 50% rather than 10% implies that the WoMAc score improves with (50-10) × 0.16 = 6.5 points. there was, however, a substantial individual heterogeneity in the mean effect (Fig. 2) . Median ESR at t0 and t2 were 17 (9-31) and 19 , respectively. A decrease in disease activity was documented by the disease activity self-reports in 22 (22%) patients. Furthermore, disease activity remained stable and increased in 49 (48%) and 31 (30%) patients, respectively. changes in anti-rheumatic medication were documented in 34 (33%) patients. the changes in selfreported disease activity and anti-rheumatic medication were not associated with the WoMAc total change score (data not shown). the other measures of tF-use in the model (global rating of use and wear-and-tear report) showed even weaker associations (not significant; data not shown).
dIScuSSIon the results of this study show that patients use prescribed custommade tF (i.e. type A) with moderate intensity, i.e. slightly more than 50% of the time that they are out of bed. the cohort showed significant improvements in WOMAC total score, and, more specifically, activity-related pain, forefoot joint-related pain, lower-extremity related activity limitations and walking. All of these outcomes could be assumed to show improvement when tF are effective. Somewhat disappointingly, there was only a weak (but significant) association between global use and effect. these results show that duly designed activity diaries, compared with global wearing rating scales, can provide detailed and relevant information about the use and the purposes of tF. According to our data, patients spent 4.7 h on walking activities during their almost 8 h of (mean) actual wearing duration. this finding is difficult to discuss further, because, to our knowledge, studies using activity diaries to address the activities of adult patients with RA with foot problems (34) or literature addressing the use of shoes in healthy subjects, is lacking. comparing our results with studies that measure activity using other instruments, our findings may indicate that our patients were rather active in walking during the day. Semanik et al. (35) used the Yale Physical Activity Survey in 185 older women with RA and found a mean physical activity of 3.3 h per day. Piva et al. (36) used activity monitors and found a daily mean number of steps of 7,151 (Sd 2,637) in 47 women with RA. Bus et al. (37) introduced an adherence monitor and, in combination with a step activity monitor, found that diabetic patients wore their prescribed tF for a mean of 8.5 h per day and a daily mean number of steps of 8,284 ± 4,794. the self-reported use of tF with the global rating scale is broadly in accordance with the results of other studies (20, 21, 38) .
this study provides more detail about the potential effects of tF that, by and large, agree with the results of other studies (10, 15) . However, our study is larger and all prescribed tF were custom-made. Furthermore, our study provides a more detailed picture of the effects of tF use, by assessing a substantial number of secondary outcomes.
the weak association between tF-use and effect could simply be due to the availability of TF for specific tasks related to walking being more important for the effect than overall intensity of use. This explanation is supported by the finding that patients reported walking 60% of the time during tF-wearing periods. Patients with RA, just like people without disease, do not need shoes during grooming activities in the morning or while watching television at night. Furthermore, although activity-related pain decreased, it could also be hypothesized that greater tF-use resulted in an increase in activity that could partially offset the beneficial effect. These hypotheses should be addressed in future research.
Limitations of this study include its uncontrolled design, the lack of proper disease activity measurement and other limitations in outcome measurement, and the limited generalizability of the results. At the start of the study, routine standardized measurements of disease activity were uncommon and there was no budget for such measurements within the protocol. the measures of use (diary and wear-and-tear report) are new and have not yet been used elsewhere, let alone validated or compared with monitoring technology. the WoMAc and other measures are validated for RA, but they are not specific for foot pathology, compared, for example, with the Foot Function Index (39) . the generalizability of our results is limited, as this study took place in only one secondary-care institution, specialized in rheumatology and rehabilitation. As such, future research is needed to ascertain whether our results can be generalized to non-specialized institutions.
The outcomes of this study emphasize the significance of prescribing tF for patients with RA and foot problems. the results can also be seen as a stepping stone to future controlled studies to unravel the complex, ill-understood and neglected area of tF-use (15) and tF-effects on foot pain and activity limitations. Such a study should also try to address determinants for tF-use and tF-effects, including patient and shoe characteristics and psychological and environmental factors, according to the International Classification of Functioning, disability and Health model (40) , in comparison with waitinglist controls. Furthermore, future studies should investigate shoe characteristics in detail and place a greater emphasis on foot-specific effects.
In conclusion, the majority of patients with RA who are prescribed their first pair of custom-made TF do use them. Although the association between the self-reported use and effect of tF is weak, tF-prescription is associated with relevant effects on forefoot pain and activity limitations. therefore, prescription of tF should be considered as a realistic and effective treatment option in RA-associated foot problems.
